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Devwudfw
Lq lqwhuwhpsrudo dvvhw sulflqj prghov/ wudqvdfwlrq frvwv duh xvxdoo| qhjohfwhg1 Lq
wklv sdshu zh h{solflwo| lqfrusrudwh wudqvdfwlrq frvwv lq wkhvh prghov dqg dqdo|}h
wr zkdw h{whqw wklv h{whqvlrq lv khosixo lq h{sodlqlqj wkh furvv0vhfwlrq ri h{shfwhg
uhwxuqv1 Dq hpslulfdo dqdo|vlv xvlqj FUVS gdwd rq vl}h0edvhg sruwirolrv h{dplqhv
wkh uroh ri wkh wudqvdfwlrq frvwv dqg vkrzv wkdw lqfrusrudwlqj vxfk frvwv lq wkh
frqvxpswlrq0edvhg prgho zlwk srzhu xwlolw| grhv qrw |lhog vdwlvidfwru| uhvxowv1 Krz0
hyhu/ wkh lqwurgxfwlrq ri kdelw shuvlvwhqfh vxevwdqwldoo| lpsuryhv wkh prgho1 Zh qg
udwkhu vwurqj hylghqfh ri kdelw shuvlvwhqfh lq prqwko| frqvxpswlrq gdwd1 Wkh sorwv
ri wkh prghov* sulflqj huuruv lqglfdwh wkdw wkh dvvhw sulflqj prgho zlwk wudqvdfwlrq
frvwv dqg kdelw shuvlvwhqfh grhv h{sodlq wkh furvv0vhfwlrqdo yduldwlrq lq wkh sruwirolr
uhwxuqv txlwh dffxudwho|1
Khosixo frpphqwv e| Shwhu gh Jrhlm/ Iudqv gh Urrq/ Udpgdq Gulgl/ Jhrujhv Kÿeqhu/ dqg Iudqv
Vslqqhz|q duh judwhixo| dfnqrzohgjhg1 Dgguhvv doo fruuhvsrqghqfh wr= Zhvvho Pdutxhulqj/ Fhqwhu iru
Hfrqrplf Vwxglhv/ N1X1 Ohxyhq/ Qddpvhvwuddw 9</ 6333 Ohxyhq/ Ehojlxp1 Who1= .650490659;7<1 Id{=
.650490659:<91 H0pdlo= Zhvvho1PdutxhulqjChfrq1nxohxyhq1df1eh1
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4 Lqwurgxfwlrq
Wudqvdfwlrq frvwv fdq sod| dq lpsruwdqw uroh lq h{sodlqlqj wkh ehkdylru ri wkh uhwxuqv ri
dvvhwv1 Zkloh lq prvw dvvhw sulflqj prghov pdunhw iulfwlrqv duh dvvxphg wr eh qhjoljleoh/
wkhuh lv hpslulfdo hylghqfh djdlqvw wklv dvvxpswlrq/ pdlqo| zlwklq d FDSP ru DSW vhw0
xs +vhh/ iru h{dpsoh/ Vfkxow} +4<;6,/ dqg Dplkxg dqg Phqghovrq +4<;9/ 4<;<,,1 Prvw
lqwhuwhpsrudo frqvxpswlrq0edvhg dvvhw sulflqj prghov zlwkrxw pdunhw iulfwlrqv duh hpslu0
lfdoo| uhmhfwhg +vhh Kdqvhq dqg Vlqjohwrq +4<;5,/ dqg Vlqjohwrq +4<<3/ 4<<7,,1 Lq d uhfhqw
vwxg|/ Frfkudqh +4<<9, rewdlqv dq hvwlpdwh iru wkh uhodwlyh ulvn dyhuvlrq frh!flhqw xvlqj
d FUUD frqvxpswlrq0edvhg prgho zlwkrxw wudqvdfwlrq frvwv wkdw lv h{wuhpho| kljk/ d uh0
vxow zklfk uh hfwv wkh htxlw| suhplxp sx}}oh1 Pruhryhu/ wkh lpsolhg sulflqj huuruv iru whq
vl}h0edvhg sruwirolrv duh uhodwlyho| kljk1 Qhjohfwlqj pdunhw iulfwlrqv fdq eh dq h{sodqdwlrq
iru wkh iuhtxhqw uhmhfwlrqv ri wkh lqwhuwhpsrudo prghov dqg lw pd| surylgh dq dqvzhu wr wkh
htxlw| suhplxp sx}}oh1 Ehfdxvh wudqvdfwlrq frvwv zloo pdnh lqyhvwruv wudgh ohvv iuhtxhqwo|/
lqyhvwruv duh ohvv deoh wr khgjh djdlqvw frqvxpswlrq xqfhuwdlqw|/ vxfk wkdw wkh suhvhqfh
ri vxfk pdunhw lpshuihfwlrqv lqfuhdvhv frqvxpswlrq yrodwlolw|1 Wkh kljkhu wkh wudqvdfwlrq
frvwv/ wkh kljkhu lv wkh vwdqgdug ghyldwlrq ri frqvxpswlrq jurzwk1
Lq wklv sdshu/ zh lqfrusrudwh wudqvdfwlrq frvwv lq lqwhuwhpsrudo frqvxpswlrq0edvhg dv0
vhw sulflqj prghov1 Iru lqwhuwhpsrudo dvvhw sulflqj prghov hpslulfdo uhvxowv lqfrusrudwlqj
pdunhw iulfwlrqv duh vfdufh1 Dprqj wkhvh duh Ilvkhu +4<<7,/ Kh dqg Prghvw +4<<8,/ Khdwrq
dqg Oxfdv +4<<9,/ dqg Oxwwphu +4<<9,/ zkhuh rqo| wzr ri wkhvh vwxglhv dfwxdoo| hvwlpdwh
d prgho1 Wkh uhpdlqlqj wzr vwxglhv duh edvhg rq wkh Kdqvhq dqg Mdjdqqdwkdq +4<<4,
yrodwlolw| erxqgv1 Zkloh prvw ri wkh dwwhqwlrq kdv ehhq jlyhq wr wkhruhwlfdo lpsdfw ri
wudqvdfwlrq frvwv/ Ilvkhu +4<<7, lv rqh ri wkh ihz zkr frpelqhv lqwhuwhpsrudo dvvhw sulflqj
prghov zlwk wudqvdfwlrq frvwv lq dq hpslulfdo zd|1 Kh qgv wkdw/ xvlqj d pdunhw sruwirolr
dqg d ulvniuhh udwh/ wkh hvwlpdwhv ri wkh wudqvdfwlrq frvwv sdudphwhu duh uhodwlyho| kljk
dqg vljqlfdqwo| glhuhqw iurp }hur1 Lq wklv sdshu zh h{whqg wkh zrun ri Ilvkhu lq vhyhudo
gluhfwlrqv1 Iluvw ri doo/ zh xvh uhwxuqv rq whq vl}h0edvhg sruwirolrv wr dqdo|}h wr zkdw h{whqw
wudqvdfwlrq frvwv gr khos h{sodlqlqj wkh furvv0vhfwlrq ri h{shfwhg uhwxuqv1 Vhfrqg/ zh xvh
prqwko| udwkhu wkdq dqqxdo gdwd/ dqg wklug/ iroorzlqj Ihuvrq dqg Frqvwdqwlqlghv +4<<4,/
Frfkudqh dqg Kdqvhq +4<<5,/ dqg Khdwrq +4<<8, zh dovr frqvlghu d wlph0qrqvhsdudeoh
vshflfdwlrq ri xwlolw|1 Wkh lghd ehklqg wklv h{whqvlrq lv wkdw frqvxphuv jhw xvhg wr kljk
ohyhov ri frqvxpswlrq dqg ghvluh kljk frqvxpswlrq lq shulrg | zkhq frqvxpswlrq lq sh0
ulrg |   zdv kljk1 D srvlwlyh hhfw ri wkh frqvxpswlrq ohyho ri shulrg |   rq wkh
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pdujlqdo xwlolw| dw wlph | lv fdoohg kdelw shuvlvwhqfh1 Lq wklv sdshu/ zh zloo hpslulfdoo| h{0
dplqh wkh frpelqhg hhfw ri kdelw shuvlvwhqfh dqg wudqvdfwlrq frvwv xvlqj XV dvvhw pdunhw
gdwd1 Rxu pdlq lvvxh lv wr dqdo|}h wkh txhvwlrq zkhwkhu ljqrulqj pdunhw iulfwlrqv dqg2ru
wlph0qrqvhsdudelolw| ri xwlolw| fdq surylgh dq h{sodqdwlrq iru wkh iuhtxhqw uhmhfwlrqv ri
lqwhuwhpsrudo dvvhw sulflqj prghov dqg fruuhvsrqglqj wkh htxlw| suhplxp sx}}oh1 D srv0
vleoh h{sodqdwlrq iru wkh htxlw| suhplxp sx}}oh lv wkdw lqyhvwruv zdqw wr eh frpshqvdwhg
iru uhodwlyho| kljk wudqvdfwlrq frvwv rq wkh vwrfn pdunhw1 Vwdqgdug dvvhw sulflqj prghov
gr qrw dffrxqw iru wkhvh frvwv1
Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh xwlolw|
pd{lpl}dwlrq sureohp zlwk wudqvdfwlrq frvwv lq wkh vwrfn pdunhw1 Wkh uhvxowlqj dvvhw
sulflqj prgho lv d jhqhudol}dwlrq ri wkh FUUD frqvxpswlrq0edvhg dvvhw sulflqj prgho
dv h{dplqhg lq Kdqvhq dqg Vlqjohwrq +4<;5, dqg pdq| rwkhu duwlfohv1 Wkh phwkrg ri
hvwlpdwlrq lv h{sodlqhg lq Vhfwlrq 6/ zkloh wkh hpslulfdo uhvxowv xvlqj prqwko| XV vwrfn
pdunhw gdwd iru 4<8<04<<6 duh suhvhqwhg lq Vhfwlrq 71 Vhfwlrq 8 h{whqgv wkh prgho wr
fryhu d wlph0qrqvhsdudeoh xwlolw| ixqfwlrq zlwk kdelw shuvlvwhqfh1 Iroorzlqj Frfkudqh
+4<<9,/ wkh glhuhqw prghov duh hydoxdwhg vwdwlvwlfdoo|/ lq whupv ri vshflfdwlrq whvwv/ dqg
hfrqrplfdoo|/ lq whupv ri sulflqj huuruv1 Zh frqfoxgh lq Vhfwlrq 9 e| vxppdul}lqj wkh
pdlq uhvxowv1
5 Wkh Prgho
Lq wklv vhfwlrq zh ghulyh dq lqwhuwhpsrudo htxloleulxp prgho iru dvvhw sulfhv/ lqfrusrudwlqj
wudqvdfwlrq frvwv lq wkh vwrfn pdunhw1 Wklv prgho lv vlplodu wr wkh rqh lq Ilvkhu +4<<7,/ do0
ehlw wkdw wkh vshflfdwlrq glvfxvvhg khuh lv voljkwo| pruh jhqhudo1 Rxu irfxv lv dq hpslulfdo
dqdo|vlv xvlqj prqwko| gdwd iru whq ulvn| sruwirolrv dqg d ulvnohvv dvvhw/ zkhuh Ilvkhu rqo|
xvhv rqh djjuhjdwh ulvn| dvvhw/ vr wkdw zh fdq dqdo|}h wr zkdw h{whqw wudqvdfwlrqv frvwv
duh khosixo lq h{sodlqlqj wkh furvv0vhfwlrqdo yduldwlrq lq uhwxuqv1 Lq rughu qrw wr frpsolfdwh
wkh qrwdwlrq/ zh vkdoo vwduw e| frqvlghulqj rqh ulvn| dvvhw rqo|1 Odwhu zh zloo vkrz krz
wkh prgho fdq uhdglo| eh h{whqghg wr pxowlsoh ulvn| dvvhwv1
Zh frqvlghu d glvfuhwh wlph hfrqrp| zlwk d vlqjoh frqvxpswlrq jrrg dqg d odujh qxpehu
ri lqqlwho| olyhg djhqwv1 Wkh uhsuhvhqwdwlyh djhqw/ zklfk lv dvvxphg wr vxppdul}h wkh
ehkdylru ri wkh srsxodwlrq4/ zlvkhv wr pd{lpl}h klv h{shfwhg xwlolw| xqghu d g|qdplf
4Xqghu d vhw ri djjuhjdwlrq frqglwlrqv jlyhq lq Uxelqvwhlq +4<:7,/ wkh uhsuhvhqwdwlyh djhqw dssurdfk
lv d ydolg phwkrg wr vxppdul}h wkh ehkdylrxu ri doo wkh +khwhurjhqrxv, djhqwv lq wkh hfrqrp|1
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exgjhw frqvwudlqw/ wkdw lv kh vroyhv
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zkhuh .|ij ghqrwhv wkh h{shfwdwlrq rshudwru/ frqglwlrqdo rq lqirupdwlrq dydlodeoh dw
wlph |c E lv wkh rqh0shulrg xwlolw| ixqfwlrq lq whupv ri frqvxpswlrq S|c dqg B lv d wlph
suhihuhqfh sdudphwhu1 Wkh dprxqwv ri vwrfnv dqg erqgv/ zklfk duh ulvniuhh fodlpv wr
rqh xqlw ri frqvxpswlrq dw wlph | n c duh ghqrwhg e| r| dqg K|/ zlwk sulfhv R| dqg R
K
|c
uhvshfwlyho|1 Glylghqgv shu vwrfn duh ghqrwhg e| _|/ zkloh +| ghqrwhv rwkhu lqfrph +iru
h{dpsoh oderu lqfrph,1 Ilqdoo|/ wkh ixqfwlrq VE ghqrwhv wkh wudqvdfwlrq frvwv lq wkh
vwrfn pdunhw1 Wkh djhqw pd{lpl}hv xwlolw| zlwk uhvshfw wr wkh frqvxpswlrq fkrlfh/ vwrfn
kroglqjv/ dqg erqg kroglqjv1 Hdfk shulrg wkh djhqw uhfhlyhv lqfrph iurp lqyhvwlqj lq ulvn|
vwrfnv dqg ulvnohvv erqgv dqg rwkhu lqfrph +wkh UKV ri +5,,1 Wkh wrwdo lqfrph lv xvhg wr
frqvxph/ lqyhvw lq dvvhwv dqg wr sd| wudqvdfwlrq frvwv rq vwrfnv +wkh OKV ri +5,,1 Lw lv
dvvxphg wkdw wkhuh duh qr wudqvdfwlrq frvwv lq wkh erqg pdunhw1 Ehorz/ wkh dvvxpswlrq
ri d wlph vhsdudeoh xwlolw| ixqfwlrq zloo eh uhod{hg1
Zh zloo glvfxvv d wudqvdfwlrq frvwv vshflfdwlrq/ zklfk lv htxlydohqw wr Ilvkhu*v +4<<7,
dssurdfk1 Wkh wudglqj frvwv lq wkh vwrfn pdunhw duh dvvxphg wr eh d olqhdu ixqfwlrq ri
wkh ydoxh ri wkh wudgh=
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zlwk R@r&| E R| wkh dvn sulfh dqg R
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| E R| wkh elg sulfh ri wkh vwrfn1 Qhz vwrfnv pxvw
eh sxufkdvhg dw wkh dvn sulfh/ zkloh vwrfnv pxvw eh vrog dw wkh elg sulfh1 l| ghqrwhv wkh
sursruwlrq ri wkh djhqw*v sruwirolr wkdw lv oltxlgdwhg1 Iroorzlqj Ilvkhu/ zh zloo wuhdw l|
dv jlyhq dqg/ lq wkh hpslulfdo dssolfdwlrq/ dssur{lpdwh lw e| d phdvxuh ri dvvhw wxuqryhu1
Uhfdoo wkdw wkh sruwirolr ri wkh uhsuhvhqwdwlyh djhqw lv wkh djjuhjdwh ri wkh lqglylgxdo
sruwirolrv/ zklfk zloo eh sduwo| oltxlgdwhg hdfk shulrg1 Wkh lqwurgxfwlrq ri l|/ doorzv
wkdw lq jhqhudo wkh wudqvdfwlrq frvwv gr qrw mxvw ghshqg xsrq wkh qhw djjuhjdwh fkdqjh
lq wkh dvvhw srvlwlrq/ exw dovr xsrq wkh yroxph ri wkh wudqvdfwlrqv wkdw wdnh sodfh dw d
glvdjjudjdwh ohyho1
Wkh lqwurgxfwlrq ri wkh elg0dvn vsuhdg R@r&|  R
K_
| dqg dvvhw wxuqryhu lqwr wkh djhqw*v
rswlpl}dwlrq sureohp lv h{shfwhg wr ohdg wr d kljkhu h{shfwhg uhwxuq rq ulvn| dvvhwv uhodwlyh
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wr wkh fdvh ri d }hur elg0dvn vsuhdg1 Wkh vshflfdwlrq lq +6, kdv dq lqwxlwlyh dwwudfwlyh
lqwhusuhwdwlrq/ dv wkh wudqvdfwlrq frvwv rq htxlw| ghshqg rq wkh lqfuhphqw lq vwrfnv dqg
wkh qxpehu ri vwrfnv wkdw duh oltxlgdwhg1 Kdqvhq hw do1 +4<<8,/ Kh dqg Prghvw +4<<8,/
dqg Oxwwphu +4<<9, xvh lqwhuwhpsrudo dvvhw sulflqj prghov zlwk wudqvdfwlrq frvwv lq zklfk
wkh lqyhvwru pxvw vhoo klv zkroh sruwirolr hdfk shulrg1 Wkh dgydqwdjh ri wkh dssurdfk lq
wklv sdshu lv wkdw sduwldo vhoolqj lv doorzhg/ zklfk lv d pruh uhdolvwlf dvvxpswlrq1
Wkh elg0dvn vsuhdg w|slfdoo| frqvlvwv ri wkh frvwv ri jdwkhulqj lqirupdwlrq/ wd{hv/ eur0
nhudjh ihhv/ wkh ex| dqg vhoo txrwdwlrqv/ dqg pdunhw lpsdfw1 Iru hpslulfdo sxusrvhv lw
lv frqyhqlhqw wr zrun zlwk sursruwlrqdo wudqvdfwlrq frvwv zlwk uhvshfw wr wkh dvn dqg elg
sulfh1 Wklv sursruwlrqdolw| lpsolhv=5
R@r&| ’ R|E n k +7,
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zkhuh kE: f ghqrwhv wkh sursruwlrqdo wudqvdfwlrq frvw +l1h1 wkh edqgzlgwk ri wkh elg0dvn
vsuhdg,1 Qrz/ htxdwlrq +6, uhgxfhv wr=
VEr|nc r| ’ kR|Er|n  r| n 2kR|r|l| +8,
Lw lv d frpsolfdwhg wdvn wr vroyh wkh prgho h{solflwo| iru wkh ghflvlrq yduldeohv1 Iruwxqdwho|/
zh rqo| qhhg wkh uvw rughu frqglwlrqv wr hvwlpdwh wkh xqnqrzq sdudphwhuv1 Wkhvh uvw
rughu frqglwlrqv fdq eh irxqg e| vroylqj wkh g|qdplf rswlpl}dwlrq sureohp1 Zkhq wkh
djhqw lv qrw oltxlglw| frqvwudlqhg/ dqg fkrrvhv frqvxpswlrq/ vwrfn dqg erqg kroglqjv
rswlpdoo|/ lw lv txlwh vwudljkwiruzdug wr vkrz wkdw
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Iru wkh lqglylgxdo lqyhvwru/ wkh pdujlqdo wudqvdfwlrq frvwv duh qrw ghqhg dw r|n ’ r| Zh
frxog uhvroyh wklv e| ghqlqj wkh ghulydwlyh lq wklv srlqw e| 3 ru e| ghqlqj xsshu dqg
orzhu olplwv iru wkh pdujlqdo wudqvdfwlrq frvwv durxqg r|n ’ r|
6 Wkh qrqglhuhqwldelolw|
5H{shulphqwv zlwk d vlplodu vshflfdwlrq lq zklfk wkh dvn sulfh htxdov sw+4 . , dqg wkh elg sulfh
vdwlvhv sw@+4 . ,> |lhoghg yluwxdoo| lghqwlfdo hpslulfdo uhvxowv1
6Dq dowhuqdwlyh vroxwlrq wr wklv qrqglhuhqwldelolw| lv wr dvvxph d txdgudwlf wudqvdfwlrq frvw ixqfwlrq
durxqg vw.4 @ vw +vhh/ iru h{dpsoh/ Khdwrq dqg Oxfdv +4<<9,,1
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lv dxwrpdwlfdoo| flufxpyhqwhg dv zh dvvxph/ olnh Ilvkhu +4<<7,/ wkdw l| lv h{rjhqrxvo|
jlyhq1
Qrwh wkdw iru k ’ f/ +9, uhgxfhv wr wkh prgho xvhg lq Kdqvhq dqg Vlqjohwrq +4<;5,
dqg Vlqjohwrq +4<<3/ 4<<7,/ l1h1 d FUUD frqvxpswlrq0edvhg dvvhw sulflqj prgho zlwkrxw
wudqvdfwlrq frvwv1 Frpsduhg wr wkh vwdqgdug uvw rughu frqglwlrqv/ wkh pdujlqdo wudqv0
dfwlrq frvwv sod| d uroh lq wkhvh h{suhvvlrqv1 Wkh lqwhusuhwdwlrq ri htxdwlrq +9, lv wkdw
ex|lqj dq dgglwlrqdo xqlw ri htxlw| dw wlph | kdv d pdujlqdo frvw ri R|Enkc dqg |lhogv d
pdujlqdo uhyhqxh lq wkh qh{w shulrg ri R|nn_|nnkE 2l|nR|n Qrwh wkdw wkh hhfwv
ri vwrfn pdunhw wudqvdfwlrq frvwv rq wkh erqg pdunhw duh rqo| srvvleoh wkurxjk fkdqjhv
lq +wkh glvwulexwlrq ri, wkh lqwhuwhpsrudo pdujlqdo udwh ri vxevwlwxwlrq BES|n*
ES|
Lq rughu wr h{dplqh zkhwkhu wkh prgho fdq h{sodlq wkh furvv0vhfwlrqdo yduldwlrq ri dvvhw
uhwxuqv zh zloo hvwlpdwh wkh prgho iru 43 sruwirolr ghflohv/ udqnhg dffruglqj wr wkhlu vl}h
+fdslwdol}dwlrq0edvhg ru vl}h0edvhg sruwirolrv, dv zloo eh ghvfulehg lq Vhfwlrq 7141 Wr gr wklv
zh kdyh wr h{whqg wkh prgho*v vhw0xs wr fryhu pxowlsoh ulvn| dvvhwv zlwk pxowlsoh vrxufhv
ri wudqvdfwlrq frvwv/ zklfk lv uhodwlyho| vwudljkwiruzdug xqghu wkh iroorzlqj dvvxpswlrqv1
Dvvxph wkdw wkh lqyhvwru fdq fkrrvh iuhho| ehwzhhq d ydulhw| ri ulvn| +sruwirolrv ri, dv0
vhwv  ’ c c ? +khuh ? ’ f,/ zkhuh ? lv frqvwdqw ryhu wlph1 Ghqrwh wkh txdqwlwlhv ri wkhvh
dvvhwv e| r| Wkh prvw lpsruwdqw dvvxpswlrq qrz lv wkdw wkh wudqvdfwlrq frpsrqhqw iru
dvvhw / Vc lv lqghshqghqw ri wudqvdfwlrqv lq dq| ri wkh rwkhu dvvhwv/ rc c r3c rnc c r?c
iru doo wlph shulrgv +qr sdfndjh ghdov,1 Wr hfrqrpl}h rq qrwdwlrq/ zh dvvxph wkdw wkh
vshflf wudqvdfwlrq vshflfdwlrq lv wkh vdph iru doo dvvhwv/ zlwk wkh vdph k*v1 Jlyhq gdwd
olplwdwlrqv/ lw zloo eh dvvxphg wkdw wkh wxuqryhu udwhv duh wkh vdph iru doo +ulvn|, sruwirolrv1
Ghqrwh R|/ _

|c V
c iru wkh sulfh/ wkh glylghqg dqg wkh wudqvdfwlrq frvwv ri dvvhw 1 Wkhq
zh fdq uhzulwh wkh g|qdplf rswlpl}dwlrq sureohp dv=
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Vroylqj wklv rswlpl}dwlrq sureohp ohdgv wr prglhg uvw rughu frqglwlrqv +f1i1 +9,,1 Xvlqj
d jhqhudol}hg yhuvlrq ri htxdwlrqv +6, dqg +7,7 dqg xvlqj wkh dvvxpswlrq wkdw wkh doskd*v
7Qrwh wkdw wkh jhqhudol}hg yhuvlrqv ri wkhvh htxdwlrqv vdwlvi|=
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dqg wkh wxuqryhu udwhv duh wkh vdph iru doo ulvn| sruwirolrv/ zh pd| zulwh8
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Dvvxplqj d sdudphwulf irup iru +pdujlqdo, xwlolw|/ wklv prgho zloo eh hvwlpdwhg xvlqj
prqwko| XV dvvhw pdunhw gdwd1 Zh zloo frpsduh wkh uhvxowv zlwk wkrvh rewdlqhg iurp d
prgho zlwkrxw wudqvdfwlrq frvwv dqg whvw zkhwkhu wkh wudqvdfwlrq frpsrqhqw kdv d vljql0
fdqfh lq xhqfh1 Wr frpsduh glhuhqw vshflfdwlrqv zh zloo xvh ryhulghqwli|lqj uhvwulfwlrqv
whvwv dqg sorwv ri sulflqj huuruv dv lq Frfkudqh +4<<9,1 Ehiruh ghvfulelqj wkh gdwd dqg wkh
hvwlpdwlrq uhvxowv/ zh zloo uvw glvfxvv krz zh hvwlpdwh wkh prgho sdudphwhuv dqg hydoxdwh
wkh prghov* hpslulfdo shuirupdqfh1
6 Hvwlpdwlrq dqg Hydoxdwlrq
Lq wklv vhfwlrq zh ghvfuleh krz wkh sdudphwhuv ri wkh prgho zlwk wudqvdfwlrq frvwv fdq eh
hvwlpdwhg e| d rqh vwhs dqg lwhudwhg jhqhudol}hg phwkrg ri prphqwv +JPP, surfhgxuh1 Lq
Vxevhfwlrq 614/ zh vkdoo/ vwduwlqj iurp Kdqvhq*v +4<;5, wzr0vwhs hvwlpdwru/ h{sodlq lwhudwhg
JPP/ zklfk lv olnho| wr kdyh ehwwhu vpdoo vdpsoh surshuwlhv1 Qh{w/ zh zloo dujxh wkdw
lq vrph fdvhv d rqh0vwhs JPP hvwlpdwru/ zkhuh wkh zhljkwlqj pdwul{ htxdov wkh lghqwlw|
pdwul{/ pd| eh suhihuuhg/ lq sduwlfxodu li wkh hvwlpdwhg prgho lv hydoxdwhg lq whupv ri
lwv lpsolhg sulflqj huuruv1 Zh dovr ghvfuleh krz wkh prgho fdq eh hydoxdwhg vwdwlvwlfdoo|
xvlqj ryhulghqwli|lqj uhvwulfwlrq whvwv1 Krz dyhudjh sulflqj huuruv fdq eh frpsxwhg iurp
wkh sdudphwhu hvwlpdwhv dqg wkh gdwd lv glvfxvvhg lq Vxevhfwlrq 6151
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8Ehfdxvh zh suhihu zrunlqj zlwk vwdwlrqdu| yduldeohv/ wkh yduldeohv kdyh ehhq wudqviruphg lqwr uhwxuqv
lqvwhdg ri sulfhv dqg glylghqgv1
:
614 Hvwlpdwlrq phwkrg
Iluvw/ zh frqyhuw wkh frqglwlrqdo prphqw frqglwlrqv lq +44, lqwr xqfrqglwlrqdo prphqw
frqglwlrqv=9
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Zh ghqh wkh yhfwru }Eq dv wkh vdpsoh htxlydohqw ri +45,/ zlwk q wkh yhfwru ri xqnqrzq
sdudphwhuv1 Xqghu wkh dvvxpswlrq wkdw +45, lv wuxh/ }Eq zloo eh forvh wr }hur iru odujh
vdpsoh vl}hv A 1 Wkh JPP hvwlpdwru lv irxqg e| plqlpl}lqj d txdgudwlf irup lq }Eq/
wkdw lv
	qC ’ o}4?
q
}Eq‘}Eqc +46,
zkhuh ‘ lv d v|pphwulf srvlwlyh ghqlwh zhljkwlqj pdwul{1: Glhuhqw zhljkwlqj pdwulfhv
ohdg wr glhuhqw/ frqvlvwhqw/ hvwlpdwruv iru q Kdqvhq +4<;5, vkrzv krz wkh rswlpdo
zhljkwlqj pdwul{ fdq eh fkrvhq vr dv wr plqlpl}h wkh dv|pswrwlf fryduldqfh pdwul{ ri
	qC dprqj wklv fodvv ri hvwlpdwruv1 Xvxdoo|/ wkh qxpehu ri prphqw frqglwlrqv zloo
h{fhhg wkh qxpehu ri sdudphwhuv wkdw lv hvwlpdwhg/ dqg lw lv srvvleoh wr whvw wkh ryhul0
ghqwli|lqj uhvwulfwlrqv e| phdqv ri d Fkl0vtxduhg whvw1 Xqghu wkh qxoo k|srwkhvlv wkdw
+45, lv fruuhfw/ wkh plqlpl}hg ydoxh ri +46,/ zklfk zh ghqrwh dv aA / kdv dq dv|pswrwlf
20glvwulexwlrq/ zlwk ghjuhhv ri iuhhgrp htxdo wr wkh glhuhqfh ehwzhhq wkh qxpehu ri
prphqw frqglwlrqv dqg wkh qxpehu ri xqnqrzq sdudphwhuv1 Wklv aA vwdwlvwlf fdq eh xvhg
wr whvw wkh ryhulghqwli|lqj uhvwulfwlrqv/ wkdw lv wr whvw zkhwkhu zh fdq vwdwlvwlfdoo| uhmhfw d
jlyhq revhuydeoh idfwru prgho djdlqvw d qrqvshflf dowhuqdwlyh +vhh Frfkudqh/ 4<<9,1
Ehfdxvh wkh rswlpdo zhljkwlqj pdwul{ ghshqgv xsrq qc Kdqvhq*v JPP hvwlpdwru lv d
wzr0vwhs hvwlpdwru1 D vlpsoh zhljkwlqj pdwul{ +iru h{dpsoh wkh lghqwlw| pdwul{, lv xvhg
wr rewdlq dq lqlwldo frqvlvwhqw hvwlpdwru iru qc zklfk lv wkhq xvhg lq d vhfrqg vwhs wr
frqvwuxfw wkh rswlpdo zhljkwlqj pdwul{1 Lq rughu wr lpsuryh wkh vpdoo vdpsoh surshuwlhv
ri wkh JPP hvwlpdwru/ Ihuvrq dqg Irhuvwhu +4<<7, kdyh vxjjhvwhg wr xvh dq lwhudwhg JPP
surfhgxuh1 Lq wklv fdvh/ wkh rswlpdo zhljkwlqj pdwul{ lv uhfrpsxwhg iurp wkh qhz hvwlpdwh
9Reylrxvo|/ d vhw ri xqfrqglwlrqdo prphqw frqglwlrqv fdq eh ghulyhg iru dq| lqvwuxphqw wkdw lv lq wkh
lqirupdwlrq vhw dw wlph w1 Dv zh gr qrw hvwlpdwh frqglwlrqdo yhuvlrqv ri wkh prgho/ zh devwudfw iurp wklv
khuh1
:Wkh remhfwlyh ri JPP lq lqwhuwhpsrudo dvvhw sulflqj prghov lv wr plqlpl}h d zhljkwhg txdgudwlf
irup ri sulflqj huuruv wr rewdlq hvwlpdwhv iru wkh xqnqrzq sdudphwhuv1 Wklv zhljkwlqj pdwul{ fdq eh
lqwhusuhwhg dv d pdwul{ lqglfdwlqj krz pxfk dwwhqwlrq lv sdlg wr hdfk ri wkh prphqw frqglwlrqv +ru olqhdu
frpelqdwlrqv ri prphqw frqglwlrqv,1
;
iru qc dqg wklv lv lwhudwlyho| uhshdwhg xqwlo frqyhujhqfh1 Wklv hvwlpdwru kdv wkh vdph olplw
glvwulexwlrq dv wkh rswlpdo wzr0vwhs hvwlpdwru/ exw lv/ lq jhqhudo/ pruh h!flhqw lq vpdoo
vdpsohv1
D srwhqwldo glvdgydqwdjh lv wkdw erwk wzr0vwhs JPP dqg lwhudwhg JPP pd| xvh
zhljkwlqj pdwulfhv wkdw lqyroyh h{wuhpho| odujh zhljkwv iru sduwlfxodu +frpelqdwlrqv ri,
prphqw frqglwlrqv1 Wkhvh duh wkh prphqw frqglwlrqv wkdw kdsshq wr eh vwdwlvwlfdoo|
dffxudwh +lq wkh vhqvh ri kdylqj d vpdoo vdpsoh yduldqfh,/ exw qrw qhfhvvdulo| hfrqrplfdoo|
pruh lqwhuhvwlqj wkdq wkh rwkhuv1 Wklv sureohp kdv ohg Frfkudqh +4<<9, wr vxjjhvw wkh
xvh ri d rqh0vwhs hvwlpdwru/ xvlqj wkh lghqwlw| pdwul{ dv wkh zhljkwlqj pdwul{ +ghqrwhg
e| U,1; Xvlqj JPP zlwk wkh lghqwlw| pdwul{ dv zhljkwlqj pdwul{ +wklv sduwlfxodu pdwul{
zhljkwv doo prphqw frqglwlrqv htxdoo|, lv htxlydohqw wr plqlpl}lqj wkh phdq vtxduh ri wkh
sulflqj huuruv1 Vr li zh frpsduh prghov e| sulflqj huuru sorwv/ zh nqrz wkdw hdfk prgho
zloo w dv zhoo dv srvvleoh dorqj wklv glphqvlrq +Frfkudqh/ 4<<9,1 Lq ylhz ri wkh deryh
dujxphqwv/ zh vkdoo dovr dsso| uvw0vwdjh JPP dqg frqvlghu wkh lpsolhg sulflqj huuruv1
Lw zloo dsshdu wkdw wzr0vwhs ru lwhudwhg JPP pd| ohdg wr yhu| odujh sulflqj huuruv1 Dv
Frfkudqh/ zh ihho wkdw sorwwlqj sulflqj huuruv lv d yhu| xvhixo wrro wr ghwhfw hfrqrplfdoo|
xqlqwhuhvwlqj prghov wkdw duh qrw uhmhfwhg vwdwlvwlfdoo|1
Xvlqj d vxe0rswlpdo zhljkwlqj pdwul{/ olnh wkh lghqwlw| pdwul{/ uhtxluhv rqh wr dgmxvw
wkh irupxodh iru wkh dv|pswrwlf glvwulexwlrq ri wkh JPP hvwlpdwru1 Rxu rqh0vwhs hvwlpdwru
lv rewdlqhg iurp +46,/ zkhq uhsodflqj ‘ e| Uc dqg kdv qrw wkh vdph olplw glvwulexwlrq dv
wkh wzr0vwhs ru lwhudwhg JPP hvwlpdwru1 Wr fdofxodwh wkh fruuhfw vwdqgdug huuruv dqg wkh
ryhulghqwli|lqj uhvwulfwlrqv whvw vwdwlvwlf aA c zh xvh wkh irupxodv jlyhq lq Kdqvhq +4<;5,
dqg Frfkudqh +4<<9,1
615 Sulflqj huuruv
Lq wklv vxevhfwlrq zh ghulyh wkh suhglfwhg phdq h{fhvv uhwxuqv ri wkh vl}h0edvhg sruwirolrv/
zklfk fdq eh sorwwhg djdlqvw wkh dfwxdo phdq h{fhvv uhwxuqv1 Wkhvh sulflqj huuru sorwv
duh d yhu| xvhixo gldjqrvwlf wrro/ hvshfldoo| lq vlwxdwlrqv zkhuh wkh suhglfwlrqv ri wkh
phdq sruwirolr uhwxuqv duh srru/ exw wkh ryhulghqwli|lqj uhvwulfwlrqv whvw grhv qrw lqglfdwh
;Dqrwkhu uhdvrq wr suhihu wkh rqh0vwhs hvwlpdwru lv wkh iroorzlqj +vhh Frfkudqh/ 4<<9,= rqh fdq qrw
frpsduh wzr MW vwdwlvwlfv iurp wzr hvwlpdwhv zlwk glhuhqw zhljkwlqj pdwulfhv1 Wkh vwdwlvwlfv fdq rqo|
eh frpsduhg zkhq fkrrvlqj wkh vdph zhljkwlqj pdwul{1 Wzr0vwhs ru lwhudwhg JPP fkrrvhv/ lq jhqhudo/
glhuhqw zhljkwlqj pdwulfhv iru glhuhqw hvwlpdwlrqv1 D prgho fdq dfklhyh d orz MW e| vlpso| eorzlqj xs
wkh fryduldqfh pdwul{ ri wkh prphqw frqglwlrqv udwkhu wkdq lpsurylqj wkh prphqw frqglwlrqv1
<
srvvleoh plvvshflfdwlrqv +srvvleo| gxh wr kljk vwdqgdug huuruv,1
Ohw xv frqvlghu wkh prphqw frqglwlrqv lq +45,/ l1h1
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zkhuh 6|n ghqrwhv wkh vwrfkdvwlf glvfrxqw idfwru/ B
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frxqw idfwru prgho zlwk wudqvdfwlrq frvwv wkh suhglfwhg h{fhvv uhwxuq fdq eh irxqg e|
ghfrpsrvlqj +47,1 Wkh prgho suhglfwv wkdw wkh h{shfwhg h{fhvv uhwxuq vdwlvhv=
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zklfk fdq eh hvwlpdwhg dv
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zkhuh oce|nghqrwhv wkh h{fhvv uhwxuq rq dvvhw l +o

|n, lq h{fhvv ri wkh ulvn iuhh udwh +o
s
|n,/
	6|n ghqrwhv wkh vwrfkdvwlf glvfrxqw idfwru hydoxdwhg lq wkh hvwlpdwhg sdudphwhuv/ dqg 7o
ce
wkh vdpsoh phdq ri oce|  Wkxv +49, surylghv wkh dyhudjh suhglfwhg h{fhvv uhwxuq rq dvvhw 
dffruglqj wr wkh frqvxpswlrq0edvhg dvvhw sulflqj prgho zlwk wudqvdfwlrq frvwv1
Wkh dyhudjh h{fhvv uhwxuq ri dvvhw  lq wkh vdpsoh shulrg lv vlpso| frpsxwhg dv
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vxfk wkdw wkh dyhudjh sulflqj huuru lq d prgho zlwk wudqvdfwlrq frvwv lv jlyhq e| wkh
glhuhqfh ehwzhhq wkh phdq h{fhvv uhwxuqv dqg wkh suhglfwhg phdq h{fhvv uhwxuqv1 Wkh
sulflqj huuruv iru wkh prgho zlwkrxw wudqvdfwlrq frvwv fdq eh frpsxwhg iurp wkh deryh
irupxodh xvlqj wkh uhvwulfwhg prgho hvwlpdwhv dqg vhwwlqj 	k wr }hur1
Wkh qh{w vhfwlrq suhvhqwv wkh hpslulfdo uhvxowv iru wkh frqvxpswlrq0edvhg dvvhw sulflqj
prgho zlwk srzhu xwlolw| xvlqj prqwko| XV vwrfn pdunhw gdwd iru 4<8<04<<61 Diwhu lqwur0
gxflqj wkh gdwd lq Vxevhfwlrq 714/ wkh prgho hvwlpdwhv dqg sulflqj huuruv duh suhvhqwhg dqg
glvfxvvhg lq Vxevhfwlrq 7151 Lq Vhfwlrq 8/ zh frqvlghu wkh lqwurgxfwlrq ri kdelw shuvlvwhqfh
lq wkh xwlolw| ixqfwlrq1
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Iljxuh 4= Ydoxh ri vrph sruwirolrv ri k|srwkhwlfdo lqyhvwphqw ri ’433 lq 4<8<1 Qrwh wkdw
wkh ydoxh ri wkh sruwirolr rq wkh yhuwlfdo d{lv kdv d orj vfdoh1
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Iljxuh 5= Prqwko| wxuqryhu udwh/ l1h1 wkh udwlr ri wkh wrwdo qxpehu ri vkduhv wudghg dqg
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7 Hpslulfdo Uhvxowv
714 Gdwd dqg vw|ol}hg idfwv
Wr hvwlpdwh wkh lqwhuwhpsrudo dvvhw sulflqj prghov zh xvh prqwko| uhwxuqv gdwd ri whq
vl}h0edvhg sruwirolrv dqg d ulvnohvv dvvhw iru wkh shulrg Iheuxdu| 4<8< wr Qryhpehu 4<<61
Gdwd rq wkh whq ulvn| sruwirolrv duh vxssolhg e| wkh Fhqwhu iru Uhvhdufk lq Vhfxulw| Sulfhv
+FUVS, dw wkh Xqlyhuvlw| ri Fklfdjr/ dqg duh rewdlqhg e| jurxslqj doo vwrfnv olvwhg dw wkh
Qhz \run Vwrfn H{fkdqjh +Q\VH,1 Lq dgglwlrq/ zh xvh uhwxuq gdwd rq wkh FUVS ydoxh
zhljkwhg lqgh{/ zlwk dqg zlwkrxw glylghqgv/ dqg wkh FUVS htxdoo| zhljkwhg lqgh{ zlwk
dqg zlwkrxw glylghqgv1 Wkh ulvnohvv uhwxuq lv dssur{lpdwhg e| wkh prqwko| uhwxuq rq
d 6 prqwk X1V1 Wuhdvxu| Eloo1 Wkhvh gdwd duh hvvhqwldoo| wkh vdph dv xvhg lq Frfkudqh
+4<<9,1 Zh dovr kdyh wkh iroorzlqj gdwd= d frqvxpswlrq sulfh lqgh{/ shuvrqdo frqvxpswlrq
h{shqglwxuhv rq qrqgxudeohv dqg vhuylfhv/ dqg lqgxvwuldo surgxfwlrq1 Vxppdu| vwdwlvwlfv
iru prvw ri wkhvh yduldeohv duh jlyhq lq Wdeoh D4 lq wkh dsshqgl{1 Wkh Wuhdvxu| Eloo
uhwxuq kdv d orz phdq dqg grhv qrw ydu| pxfk ryhu wlph1 Wkh uhwxuqv rq vwrfnv kdyh d
vxevwdqwldoo| kljkhu phdq dqg duh pxfk pruh yrodwloh1 Wkh vl}h0edvhg sruwirolr uhwxuqv duh
udqnhg dffruglqj wr wkhlu pdunhw fdslwdol}dwlrq<= wkh uvw sruwirolr frqwdlqv vpdoo upv/
wkh whqwk sruwirolr frqwdlqv odujh upv1 Wr looxvwudwh wkh glhuhqfhv lq uhwxuqv iurp wkh
glhuhqw sruwirolrv/ Iljxuh 4 suhvhqwv wkh qrplqdo |lhog rq irxu ri wkh whq ghfloh sruwirolrv
dqg rq wkh Wuhdvxu| Eloo rq d k|srwkhwlfdo lqyhvwphqw ri 433 groodu lq 4<8<143 Diwhu 68
|hduv/ wkh |lhog rq wkh sruwirolr zlwk orz pdunhw fdslwdol}dwlrq lv wkh kljkhvw1 Wkh |lhog ri
wkh sruwirolr zlwk wkh odujhvw upv lv wkh orzhvw ri wkh whq sruwirolrv1 Zkloh iru wkh vdnh
ri ylvlelolw| zh rqo| sorw irxu ri wkh whq ulvn| sruwirolr/ wkh olqhv iru wkh rwkhu sruwirolrv
zrxog eh orfdwhg ehwzhhq wkh h{wuhphv ri sruwirolr 4 dqg 431 Vpdoo upv kdyh rq dyhudjh
kljkhu uhwxqv ehfdxvh wkh| duh pruh yrodwloh wkdq odujh upv1 Wklv hhfw lv sduwlfxoduo|
h{wuhph lq Mdqxdu| +suredeo| gxh wr wd{ orvv vhoolqj,1 Dv d ehqfkpdun zh dovr orrn dw wkh
|lhog rq Wuhdvxu| Eloov/ zklfk lv vxusulvlqjo| orz frpsduhg wr wkh |lhogv ri wkh sruwirolrv1
Qrwh wkdw wkh Rfwrehu 4<;: fudvk dqg wkh idoo lq sulfhv lq 4<<3 dqg 4<<4 +uhfhvvlrq dqg
Jxoi zdu, duh hdvlo| uhfrjql}hg lq Iljxuh 41
Wr rewdlq wkh h{ glylghqg uhwxuqv +R|n*R

|, iru wkh ghfloh sruwirolrv +lqgh{hg e| , zh
<Pdunhw fdslwdol}dwlrq lv ghqhg dv wkh surgxfw ri wkh sulfh ri wkh vkduh dqg wkh qxpehu ri vkduhv
rxwvwdqglqj1
43Lq wklv sdshu zh qhjohfw wkh srwhqwldo lq xhqfh ri vxuylyruvkls eldv +vhh/ iru h{dpsoh/ Eurzq/ Jrhw}0
pdqq dqg Urvv/ 4<<8,1
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xvh wkh iroorzlqj sur{|= +R|n n _

|n*R

|  _|n*R|c zklfk lv wkh jurvv uhwxuq iru ghfloh 
plqxv wkh glylghqg0sulfh udwlr iru wkh pdunhw uhwxuq1 Wkh Q\VH wxuqryhu udwhv/ zklfk
zh xvh iru l|c duh ghwhuplqhg dv wkh udwlr ri wkh wrwdo qxpehu ri vkduhv wudghg dqg wkh
wrwdo qxpehu ri vkduhv rxwvwdqglqj1 Wkh qxpehu ri vkduhv wudghg lv rewdlqhg iurp gdlo|
revhuydwlrqv iurp wkh Q\VH1 Wklv uhvxowlqj vhulhv lv sorwwhg lq Iljxuh 51
Wkh htxlw| suhplxp/ l1h1 wkh dyhudjh h{fhvv uhwxuq rq wkh vwrfn pdunhw/ fdq hdvlo| eh
fdofxodwhg iurp wkh qxpehuv lq Wdeoh D41 Iru wkh shulrg 4<8<04<<6/ wkh dyhudjh dqqxdo
uhdo uhwxuq rq vwrfnv lv 9194 shufhqw1 Rq wkh vkruw0whup Wuhdvxu| Eloo/ wklv uhwxuq lv derxw
415; shufhqw/ vr wkdw wkh phdq htxlw| suhplxp ryhu wklv shulrg lv 8166 shufhqw1 Phkud
dqg Suhvfrww +4<;8, kdyh dujxhg wkdw wklv htxlw| suhplxp lv wrr kljk wr eh h{sodlqhg e|
wkh vwdqgdug dvvhw sulflqj prghov1
715 Hvwlpdwlrq uhvxowv
Lq Vhfwlrq 5 zh ghulyhg wkh uvw rughu frqglwlrqv ri wkh lqwhuwhpsrudo dvvhw sulflqj prgho
zlwk wudqvdfwlrq frvwv/ dqg Vhfwlrq 6 glvfxvvhg wkh JPP whfkqltxhv wkdw fdq eh xvhg
wr hvwlpdwh dqg whvw wkh prgho1 Wr wklv hqg/ zh qhhg wr vshfli| d ixqfwlrqdo irup iru
wkh xwlolw| ixqfwlrq dqg zh vkdoo vwduw e| dvvxplqj d srzhu xwlolw| vshflfdwlrq/ ES| ’

3
S3| / zklfk lv wkh prvw frpprq fkrlfh lq wklv duhd ri uhvhdufk1 Lw lv fkdudfwhul}hg e|
d frqvwdqw frh!flhqw ri uhodwlyh ulvn dyhuvlrq  Odwhu/ pruh frpsoh{ xwlolw| ixqfwlrqv zloo
eh h{dplqhg1 Vxevwlwxwlrq lqwr +44, dqg +:, uhvxowv lq=
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Zh xvh uhdo shu fdslwd h{shqglwxuhv rq frqvxphu qrqgxudeoh jrrgv dqg vhuylfhv dv
phdvxuh iru frqvxpswlrq/ zkhuh doo frqvxpswlrq dqg uhwxuq vhulhv kdyh ehhq dgmxvwhg
iru lq dwlrq1 Zh dovr h{shulphqwhg zlwk lqgxvwuldo surgxfwlrq gdwd dv phdvxuh ri frq0
vxpswlrq +olnh Ilvkhu/ 4<<7,/ exw wkh shuirupdqfh ri wkh prgho edvhg rq wklv phdvxuh zdv
vxevwdqwldoo| zruvh1 Hpslulfdo uhvxowv iru wkh prgho zlwk dqg zlwkrxw wudqvdfwlrq frvwv/
rewdlqhg iurp wkh lwhudwhg dqg rqh0vwhs JPP hvwlpdwruv duh uhsruwhg lq Wdeoh 41
Wkh hvwlpdwhv orrn udwkhu srru1 Iru doo vshflfdwlrqv/ wkh hvwlpdwhg wlph suhihuhqfh
sdudphwhu B lv orzhu wkdq h{shfwhg/ zkloh wkh hvwlpdwhg ulvn dyhuvlrq frh!flhqw lv h{wuhpho|
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Wdeoh 4= JPP hvwlpdwlrq uhvxowv ri prgho zlwk wudqvdfwlrq frvwv/ 4<8<04<<61
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Prgho lqfoxghv whq vl}h0edvhg sruwirolrv ri ulvn| vwrfnv dqg d ulvnohvv dvvhw1
Vwdqgdug huuruv lq sduhqwkhvhv1
kljk1 Vxfk h{wuhph ydoxhv iru  duh frqvlghuhg lpsodxvleoh dqg uh hfw wkh htxlw| suhplxp
sx}}oh1 Vlplodu uhvxowv duh irxqg hovhzkhuh lq wkh olwhudwxuh +vhh/ iru h{dpsoh/ Frfkudqh
+4<<9,/ dqg Ihuvrq dqg Frqvwdqwlqlghv +4<<4,,1 Qrwh wkdw wkh fruuhvsrqglqj vwdqgdug
huuruv duh dovr kljk1 Dv d uhvxow zh fdq qrw/ iru h{dpsoh/ uhmhfw wkh qxoo k|srwkhvhv
wkdw wkh wlph suhihuhqfh sdudphwhu htxdov rqh/ ru iru wkh vshflfdwlrq zlwk wudqvdfwlrq
frvwv/ wkdw wkh uhodwlyh ulvn dyhuvlrq frh!flhqw htxdov }hur1 Wkh hvwlpdwhg ydoxh ri wkh
wudqvdfwlrq frvwv sdudphwhu kdv wkh zurqj vljq/ exw grhv qrw glhu vljqlfdqwo| iurp }hur1
Li wkh wudqvdfwlrq frvwv k duh vhw wr }hur/ wkh hvwlpdwhv iru  duh vwloo yhu| kljk/ dowkrxjk
wkh| duh vrphzkdw pruh suhflvho| hvwlpdwhg1 Zkloh wkh uhsruwhg vwdqgdug huuruv/ edvhg
xsrq wkh dv|pswrwlf fryduldqfh pdwul{/ duh vpdoohu iru wkh lwhudwhg JPP hvwlpdwru wkdq
iru wkh rqh0vwhs hvwlpdwru/ wkhuh duh uhvxowv +vhh/ iru h{dpsoh/ Nrfkhuodnrwd +4<<3,, wkdw
vxjjhvw wkdw wkh dv|pswrwlf dssur{lpdwlrqv duh lqdffxudwh dqg wkdw vwdqgdug huuruv duh
vxevwdqwldoo| xqghuhvwlpdwhg1
Wr hydoxdwh wkh glhuhqw vshflfdwlrqv zh xvh wkh ryhulghqwli|lqj uhvwulfwlrqv whvwv dqg
sorwv ri sulflqj huuruv1 Wkh froxpq khdghg aA suhvhqwv wkh ydoxhv ri wkh ryhulghqwli|lqj
uhvwulfwlrqv whvw vwdwlvwlfv/ zklfk kdyh/ xqghu wkh qxoo/ d 2 glvwulexwlrq1 Wkh fruuhvsrqglqj
ghjuhhv ri iuhhgrp +GI, duh jlyhq lq wkh qh{w froxpq dqg htxdo wkh qxpehu ri prphqw
frqglwlrqv plqxv wkh qxpehu ri sdudphwhuv wr eh hvwlpdwhg1 Iru erwk hvwlpdwruv dqg erwk
vshflfdwlrqv wkh prgho lv qrw uhmhfwhg dw wkh 8( vljqlfdqfh ohyho1 Wklv lv suredeo| gxh
wr wkh yhu| kljk vwdqgdug huuruv144
44Qrwh wkdw wkh ryhulghqwli|lqj uhvwulfwlrqv whvw kdv pruh srzhu zkhq lqfoxglqj lqvwuxphqwdo yduldeohv1
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Iljxuh 6= Sulflqj huuru sorw ri prgho zlwk wudqvdfwlrq frvwv hvwlpdwhg e| lwhudwhg JPP1
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Iljxuh 7= Sulflqj huuru sorw ri prgho zlwk wudqvdfwlrq frvwv hvwlpdwhg e| rqh0vwhs JPP1
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Iljxuh 6 dqg 7 suhvhqw wkh sulflqj huuru sorwv ri wkh prgho zlwk wudqvdfwlrq frvwv
hvwlpdwhg e| lwhudwhg dqg rqh0vwhs JPP1 Wkh phdq h{fhvv uhwxuqv rq wkh whq vl}h0edvhg
sruwirolr dqg wkh ulvnohvv dvvhw/ dv uhsruwhg lq Wdeoh D4/ duh sorwwhg rq wkh yhuwlfdo d{lv/
zkloh wkh krul}rqwdo d{lv jlyhv wkh ydoxhv ri wkh suhglfwhg phdq h{fhvv uhwxuqv ghwhuplqhg
iurp wkh hvwlpdwhg prgho xvlqj irupxod +49,1
Wkh dujxphqw jlyhq lq Vhfwlrq 6/ wkdw lwhudwhg JPP xvhv d zhljkwlqj pdwul{ zklfk
pd| jlyh d kljk zhljkw wr +frpelqdwlrqv ri, vwdwlvwlfdoo| zhoo0phdvxuhg exw hfrqrplfdoo|
xqlqwhuhvwlqj prphqw frqglwlrqv/ vhhpv wr dulvh lq wklv vlwxdwlrq1 Wkh sulflqj huuruv lq
Iljxuh 6 orrn pxfk zruvh wkdq wkrvh lq Iljxuh 71 Wkh forvhu wkh wuldqjohv wr wkh 780
ghjuhh olqh/ wkh ehwwhu wkh suhglfwlrqv/ wkh vpdoohu wkh sulflqj huuruv1 Wkh xsshu wuldqjoh
fruuhvsrqgv zlwk wkh sruwirolr ri vpdoo upv1 Wklv sduwlfxodu sruwirolr kdv wkh odujhvw
sulflqj huuru lq Iljxuh 6/ exw lv yhu| zhoo sulfhg dffruglqj wr Iljxuh 71 Wkh orzhu wuldqjoh
uhsuhvhqwv wkh Wuhdvxu| Eloo/ zklfk/ e| ghqlwlrq/ kdv d phdq h{fhvv uhwxuq ri }hur1 Qrwh
wkdw lq Iljxuh 6 doo wuldqjohv duh dw wkh ohiw vlgh ri wkh 780ghjuhh olqh/ zklfk lqglfdwhv wkdw
wkh prgho hvwlpdwhg e| lwhudwhg JPP xqghusuhglfwv wkh h{fhvv uhwxuqv rq doo dvvhwv1 Wklv
lq frqwudvw zlwk Iljxuh 7 zkhuh wkh wuldqjohv gr qrw ghyldwh pxfk iurp wkh 780ghjuhh olqh1
Dssduhqwo|/ hvwlpdwlqj wkh prgho e| rqh0vwhs JPP ohdgv wr vxewldqwldoo| pruh dffxudwh
suhglfwlrqv1 Qrwh wkdw h{foxglqj wudqvdfwlrq frvwv uhvxowv lq sulflqj huuru sorwv lq zklfk
wkh suhglfwlrqv duh vxevwdqwldoo| zruvh1
Zh frqfoxgh wkdw wkh lwhudwhg JPP jhqhudwhv pxfk odujhu sulflqj huuruv wkdq wkh
rqh0vwhs JPP1 Erwk yhuvlrqv jhqhudwh xquhdolvwlf hvwlpdwhv zlwk kljk vwdqgdug huuruv/
zklfk lqglfdwhv wkdw wkh prgho lv qrw fruuhfwo| vshflhg1 Lw dsshduv wkdw wkh lqfoxvlrq ri
wudqvdfwlrq frvwv dorqh lv qrw vx!flhqw wr vroyh wkh htxlw| suhplxp sx}}oh1 Lq wkh qh{w
vhfwlrq zh vkdoo h{dplqh zkhwkhu wkh lqfoxvlrq ri kdelw shuvlvwhqfh ohdgv wr pruh uhdolvwlf
hvwlpdwhv1
8 Lqwurgxflqj Kdelw Shuvlvwhqfh
Xvlqj wkh Kdqvhq0Mdjdqqdwkdq yrodwlolw| erxqgv/ Jdoodqw hw do1 +4<<3,/ Frfkudqh dqg
Kdqvhq +4<<5, dqg Oxwwphu +4<<9, vkrz wkdw kdelw shuvlvwhqfh uhgxfhv wkh uhtxluhg ulvn
dyhuvlrq frh!flhqw1 Wkh kljkhu wkh ghjuhh ri kdelw shuvlvwhqfh/ wkh odujhu wkh yrodwlolw|
ri wkh vwrfkdvwlf glvfrxqw idfwru1 Lq wklv vhfwlrq zh orrn dw wkh hhfwv ri uhod{lqj wkh
dvvxpswlrq ri d wlph vhsdudeoh xwlolw| ixqfwlrq e| lqwurgxflqj kdelw shuvlvwhqfh1
Zh xvh d sduwlfxodu vshflfdwlrq ri kdelw shuvlvwhqfh/ dv lq Ihuvrq dqg Frqvwdqwlqlghv
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+4<<4,/ Frfkudqh dqg Kdqvhq +4<<5,/ Khdwrq +4<<8, dqg Nrfkhuodnrwd +4<<9,/ lq zklfk
wkh xwlolw| ixqfwlrq dw wlph | ghshqgv rq S| dqg S|3/ qdpho| ES|c S|3 ’

3
ES| 
wS|3
3/ zkhuh w lv wkh ghjuhh ri kdelw shuvlvwhqfh1 Wkh lghd ehklqg wklv h{whqvlrq lv
wkdw frqvxphuv jhw xvhg wr kljk ohyhov ri frqvxpswlrq dqg ghvluh d kljk frqvxpswlrq lq
shulrg |/ zkhq frqvxpswlrq lq shulrg |  zdv kljk1 Qrwh wkdw wkh xwlolw| ixqfwlrq lq wkh
pd{lpl}dwlrq sureohp/ ES|nc vkrxog eh uhsodfhg zlwk ES|nc S|n3 Wklv lpsolhv wkh
iroorzlqj pdujlqdo xwlolw| zlwk uhvshfw wr shulrg | frqvxpswlrq=
ES|  wS|3
3  Bw.|
q
ES|n  wS|
3
r
c +53,
Wkh uvw whup lq +53, edvlfdoo| vd|v wkdw li L frqvxph wrgd| pruh wkdq p| frqvxpswlrq
ri |hvwhugd| wlphv d kdelw shuvlvwhqfh sdudphwhu/ L zloo dftxluh dgglwlrqdo xwlolw|/ zkloh
wkh vhfrqg whup lpsolhv wkdw kdylqj d kljk frqvxpswlrq wrgd| zdqwv wr pdnh |rx kdyh d
kljk frqvxpswlrq lq wkh ixwxuh/ lw uhgxfhv xwlolw| iurp ixwxuh frqvxpswlrq1 Iurp +53, zh
rewdlq wkh iroorzlqj vwrfkdvwlf glvfrxqw idfwru +vhh dovr Frfkudqh dqg Kdqvhq +4<<5, dqg
Nrfkhuodnrwd +4<<9,,=
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Qrwh wkdw zkhq w ’ fc zh rewdlq wkh ruljlqdo FUUD Hxohu htxdwlrq1 Zkhq w lv srvlwlyh/
frqvxpswlrq jrrgv duh frpsohphqwdu| ryhu wlph dqg suhihuhqfhv h{klelw kdelw shuvlvwhqfh1
Zkhq w lv qhjdwlyh/ frqvxpswlrq jrrgv duh vxevwlwxwdeoh dprqj dgmdfhqw shulrgv/ zklfk
lv vrphwlphv uhihuuhg wr dv gxudelolw| lq frqvxpswlrq +h{shqglwxuhv,1 Zh hvwlpdwh wklv
vshflfdwlrq ri wkh prgho e| erwk rqh0vwhs JPP dqg lwhudwhg JPP1 Iroorzlqj Frfkudqh
dqg Kdqvhq +4<<5, dqg Nrfkhuodnrwd +4<<9,/ zh dssur{lpdwh wkh frqglwlrqdo h{shfwdwlrqv
lq +54, e| wkh vdpsoh phdqv/ zklfk fdq eh mxvwlhg li frqvxpswlrq jurzwk fdq eh ghvfulehg
e| d udqgrp zdon1 Wdeoh 5 uhsruwv wkh hvwlpdwlrq uhvxowv iru wkh prgho zlwk dqg zlwkrxw
wudqvdfwlrq frvwv dv vshflhg lq +8,1
Wkh hvwlpdwhg wlph suhihuhqfh sdudphwhu lv odujhu wkdq rqh/ exw qrw vljqlfdqwo|1 Wkh
gurs lq wkh hvwlpdwh ri  lv kxjh lq erwk fdvhv1 Qrwh wkdw lq wklv vshflfdwlrq wkh fxuydwxuh
sdudphwhu  lv qr orqjhu htxdo wr wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq1 Wkh dyhudjh UUD
frh!flhqw fdq eh frpsxwhg dv -- ’ EA  3
SA3
|' S|*ES|  wS|3 dqg wkh uhvxowlqj
ydoxhv dv jlyhq lq Wdeoh 51 Udqjlqj iurp 31<<49 wr 716779/ wkhvh qxpehuv duh pxfk pruh
uhdolvwlf wkdq wkh hvwlpdwhg UUD frh!flhqwv lq Vhfwlrq 7 iru wkh prgho zlwkrxw kdelw
shuvlvwhqfh1 Wklv uhvxow vxjjhvwv wkdw wlph0qrqvhsdudeoh xwlolw| lv d sodxvleoh h{sodqdwlrq
4:
Wdeoh 5= JPP hvwlpdwlrq uhvxowv ri prgho zlwk wudqvdfwlrq frvwv dqg kdelw shuvlvwhqfh/
4<8<04<<61
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Lwhudwhg JPP 4133:; 313:3< 31<95< 3135<3 514:4; 71:436 : 74;
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40vwhs JPP 413536 3158;3 31<74< 3137;: 716779 51:;8; : 74;
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Prgho lqfoxghv whq vl}h0edvhg sruwirolrv ri ulvn| vwrfnv dqg d ulvnohvv dvvhw1
Vwdqgdug huuruv lq sduhqwkhvhv1
iru wkh htxlw| suhplxp sx}}oh145 Wkh srlqw hvwlpdwhv ri wkh qrqvhsdudelolw| sdudphwhu w
duh forvh wr rqh dqg vljqlfdqwo| glhuhqw iurp }hur/ zklfk fdq eh lqwhusuhwhg dv hylghqfh
wkdw kdelw shuvlvwhqfh lq frqvxpswlrq sod|v dq lpsruwdqw uroh1 Li wkh kdelw shuvlvwhqfh
sdudphwhu w htxdov rqh/ wklv phdqv wkdw pdlqo| glhuhqfhv lq frqvxpswlrq pdwwhu udwkhu
wkdq ohyhov1 Dowkrxjk wklv vlwxdwlrq vhhpv vrphzkdw h{wuhph/ lw lv lq olqh zlwk rwkhu vwxglhv
+vhh/ iru h{dpsoh/ Ihuvrq dqg Frqvwdqwlqlghv +4<<4,,1 Xvlqj vxuyh| gdwd rq lqglylgxdo
zdjh vdwlvidfwlrq/ Fodun +4<<9, hvwlpdwhv kdelw irupdwlrq lq dqqxdo zdjhv zlwk uhvxowv
wkdw lpso| ydoxhv iru w durxqg 31<51 Qrwh wkdw lq jhqhudo prqwko| gdwd surgxfh uhodwlyho|
kljk ydoxhv ri w/ zkloh orzhu iuhtxhqf| gdwd |lhog vpdoohu hvwlpdwhv ri w Orrnlqj dw wkh
rqh0vwhs JPP hvwlpdwru iru wkh prgho zlwk wudqvdfwlrq frvwv/ wkh hvwlpdwhg wudqvdfwlrq
frvw sdudphwhu lv 3138/ vr wkdw wkh hvwlpdwhg elg0dvn vsuhdg lv 31431 Xqiruwxqdwho|/ wkh
fruuhvsrqglqj vwdqgdug huuru lv txlwh kljk dqg wkh hvwlpdwh lv qrw yhu| dffxudwh1 Rqh
uhdvrq iru wklv uhvxow lv wkh idfw wkdw B lv hpslulfdoo| qrw yhu| zhoo lghqwlhg dqg wklv
fduulhv ryhu wr wkh rwkhu prgho sdudphwhuv1 Li zh zrxog { B dw d ydoxh voljkwo| vpdoohu
45Dv Kh dqg Prghvw +4<<8, dqg Khdwrq +4<<8,/ zh fkhfnhg zkhwkhu wkh prgho vdwlvhv wkh yrodwlolw|
erxqgv +Kdqvhq dqg Mdjdqqdwkdq/ 4<<4, lq wkh iroorzlqj zd|1 Olnh Kh dqg Prghvw +4<<8, zh xvh d wlph
suhihuhqfh sdudphwhu ri 31<<:87/ zklfk fruuhvsrqgv wr dq dqqxdo wlph suhihuhqfh sdudphwhu ri 31<:1 Wkh
LPUV*v fruuhvsrqglqj wr  @ 3 hqwhu wkh uhjlrq zkhq  A 4<3= Zkloh qhjdwlyh ydoxhv ri  pdnhv wkh
uhtxluhg  hyhq kljkhu/ srvlwlyh ydoxhv ri  orzhuv wkh uhtxluhg ydoxh ri = Zkhq/ iru h{dpsoh/  @ 3=;> wkh
LPUV*v dssurdfk wkh erxqg iru ydoxhv ri  ehwzhhq 3 dqg 41 Wkhuh duh qr pdmru vkliwv ri wkh yrodwlolw|
erxqgv zkhq wudqvdfwlrq frvwv duh lqyroyhg1
4;
wkdq rqh/ dv lv grqh e| Ilvkhu +4<<7,/ wkh hvwlpdwh iru wkh wudqvdfwlrq frvw frpsrqhqw kdv
wkh vdph rughu ri pdjqlwxgh/ exw wkh hvwlpdwh ri wkh wudqvdfwlrq frvwv sdudphwhu ehfrphv
vwdwlvwlfdoo| glhuhqw iurp }hur1 Qrwh wkdw rxu hvwlpdwh ri wkh wudqvdfwlrq frvwv sdudphwhu
lv frqvlghudeoh orzhu wkdq irxqg e| Ilvkhu +4<<7,/ zkrvh hvwlpdwhv/ xvlqj dqqxdo gdwd iurp
4<75 wr 4<;8/ udqjh ehwzhhq 313<9 dqg 314541
Frpsduhg wr wkh uhvxowv iru wkh prgho zlwkrxw kdelw shuvlvwhqfh suhvhqwhg lq Wdeoh 4/
wkh hvwlpdwhv irxqg khuh duh pxfk pruh uhdolvwlf dqg wkh vwdqgdug huuruv duh pxfk vpdoohu1
Djdlq/ wkh ryhulghqwli|lqj uhvwulfwlrqv whvw gr qrw vxjjhvw dq| plvvshflfdwlrq dw wkh 8
shufhqw vljqlfdqfh ohyho/ zkloh wkh whvw vwdwlvwlfv kdyh voljkwo| vpdoohu ydoxhv wkdq wkrvh
uhsruwhg lq Wdeoh 41 Wkh pdlq lvvxh lv zkhwkhu wkh prgho grhv d jrrg mre lq h{sodlqlqj wkh
furvv0vhfwlrqdo yduldwlrq lq uhwxuqv dqg zh dqdo|}h wklv txhvwlrq e| frqvlghulqj sulflqj huuru
sorwv/ dv ehiruh1 Iljxuh 8 suhvhqwv wkh sulflqj huuruv iru wkh prgho zlwk kdelw shuvlvwhqfh/
exw zlwkrxw wudqvdfwlrq frvwv dqg lqglfdwhv wkdw wklv prgho shuirupv uhdvrqdeo| zhoo lq
suhglfwlqj wkh dyhudjh h{fhvv uhwxuqv1 Wkh sorw ri wkh sulflqj huuruv iru wkh prgho zlwk
wudqvdfwlrq frvwv lv jlyhq lq Iljxuh 9 dqg vkrzv wkdw wkh h{fhvv uhwxuqv ri wkh whq vl}h0
edvhg sruwirolrv duh suhglfwhg yhu| zhoo lq wklv vlwxdwlrq1 Doo wuldqjohv duh yhu| forvh wr
wkh 780ghjuhh olqh1 Frpsdulqj doo sulflqj huuru sorwv/ lw lv fohdu wkdw wkh prgho zlwk erwk
wudqvdfwlrq frvwv dqg kdelw shuvlvwhqfh hvwlpdwhg e| rqh0vwhs JPP jhqhudwhv wkh vpdoohvw
sulflqj huuruv1
Lq doo vshflfdwlrqv deryh zh kdyh dvvxphg v|pphwulfdo wudqvdfwlrq frvwv1 Wr dqdo|}h
wkh hhfwv ri uhod{lqj wklv dvvxpswlrq/ zh dvvxphg lqvwhdg wkdw vwrfnv duh erxjkw dw
R|E n k dqg vrog dw R|E  q dw wlph |c zklfk uhvxowv lq d elg0dvn vsuhdg ri ^qc k‘1
Doorzlqj iru wkhvh dv|pphwulfdo wudqvdfwlrq frvwv ohdgv wr doprvw lghqwlfdo srlqw hvwlpdwhv
iru k dqg q dqg zh fdq qrw uhmhfw wkh k|srwkhvlv wkdw k grhv qrw glhu vljqlfdqwo| iurp
q Zh dovr h{shulphqwhg zlwk ydu|lqj wudqvdfwlrq frvwv iru wkh vl}h0edvhg sruwirolrv1 Lw
pd| zhoo eh srvvleoh wkdw wkhvh frvwv duh kljkhu iru vpdoo vwrfnv/ ehfdxvh lw lv riwhq kdughu
wr rewdlq lqirupdwlrq derxw vpdoo upv1 Dqrwkhu uhdvrq lv wkdw lqyhvwlqj lq vpdoo vwrfnv
kdv uhodwlyho| pruh pdunhw lpsdfw1 Lq jhqhudo wkh hvwlpdwhv zh irxqg iru wkh vpdoohu vl}h0
edvhg sruwirolrv duh d elw kljkhu wkdq wkrvh iurp wkh odujhu vl}h0edvhg sruwirolrv/ exw wkh
glhuhqfhv zhuh qrw vljqlfdqw1
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9 Frqfoxglqj Uhpdunv
Lq wklv sdshu/ zh ghyhorshg d frqvxpswlrq0edvhg dvvhw sulflqj prgho lq wkh suhvhqfh ri
wudqvdfwlrq frvwv lq wkh vwrfn pdunhw dqg kdelw shuvlvwhqfh lq frqvxpswlrq dqg hvwlpdwhg
wklv prgho xvlqj prqwko| uhwxuqv rq whq vl}h0edvhg sruwirolrv dqg d ulvnohvv uhwxuq ryhu
wkh shulrg 4<8<04<<61 Rxu pdlq jrdo zdv wr dqdo|}h wr zkdw h{whqw wkh lqwurgxfwlrq ri
wudqvdfwlrq frvwv zdv deoh wr h{sodlq wkh furvv0vhfwlrqdo yduldwlrq lq h{shfwhg uhwxuqv1 Doo
prghov zhuh hvwlpdwhg xvlqj erwk lwhudwhg dqg rqh0vwhs JPP dqg sorwv ri wkh prghov*
sulflqj huuruv uhyhdohg wkdw rqh0vwhs JPP hvwlpdwhv gr d pxfk ehwwhu mre lq fdswxulqj
wkh yduldwlrq lq h{shfwhg h{fhvv uhwxuqv1 Iru wkh frqvxpswlrq0edvhg prgho zlwk srzhu
xwlolw|/ wkh lqwurgxfwlrq ri wudqvdfwlrq frvwv lpsuryhv wkh suhglfwlrqv ri wkh prgho/ exw
wkh sdudphwhu hvwlpdwhv duh hfrqrplfdoo| lpsodxvleoh dqg kdyh kljk vwdqgdug huuruv1 Qh{w
zh uhod{hg wkh dvvxpswlrq ri d wlph0vhsdudeoh dgglwlyh xwlolw| ixqfwlrq dqg lqwurgxfhg
kdelw shuvlvwhqfh lq wkh prgho1 Wklv h{whqvlrq/ frpelqhg zlwk wudqvdfwlrq frvwv/ dsshduhg
surwdeoh1 Dowkrxjk wkh vwdqgdug huuruv duh vwloo uhodwlyho| kljk/ wkh sdudphwhu hvwlpdwhv
zhuh pxfk pruh uhdolvwlf dqg wkh sulflqj huuruv zhuh idluo| vpdoo1 Wkh prqwko| phdq
h{fhvv uhwxuqv rq wkh whq vl}h0edvhg sruwirolrv duh suhglfwhg zhoo zlwklq wkh vdpsoh/ dqg
whvwv ri wkh ryhulghqwli|lqj uhvwulfwlrqv ri wkh prgho glg qrw uhmhfw1 Wkh hvwlpdwhg ghjuhh
ri kdelw shuvlvwhqfh lq prqwko| frqvxpswlrq lv kljk/ exw lq olqh zlwk rwkhu uhvxowv iurp wkh
olwhudwxuh1 Wkh frpelqdwlrq ri kdelw shuvlvwhqfh dqg wudqvdfwlrq frvwv |lhoghg wkh prvw
vdwlvidfwru| uhvxowv/ wkxv surylglqj d srwhqwldo dqvzhu wr wkh htxlw| suhplxp sx}}oh1
Dsshqgl{= Xqlyduldwh Vwdwlvwlfv
Wdeoh D4= Xqlyduldwh vwdwlvwlfv/ prqwko| iuhtxhqf|/ vdpsoh 4<8<+5, 0 4<<6+43,
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Phdq Vwg Ghy Plqlpxp Pd{lpxp
Ydoxh zhljkwhg uhwxuq 4133<56 31375;3 31:;6;5 4149;65
Wuhdvxu| Eloo uhwxuq os 41337<7 3133553 41334;8 4134599
H{fhvv uhwxuq sruwirolr 4 3133;<< 313:35< 0316388: 318:686
H{fhvv uhwxuq sruwirolr 5 3133:;7 3139496 03163;34 31759;3
H{fhvv uhwxuq sruwirolr 6 3133:47 3138;84 0315<<79 3169:<7
H{fhvv uhwxuq sruwirolr 7 3133:4: 31388:: 0315;;;4 3163567
H{fhvv uhwxuq sruwirolr 8 3133963 3138677 0315;868 3158754
H{fhvv uhwxuq sruwirolr 9 3133989 31384<7 0315;53: 3158686
H{fhvv uhwxuq sruwirolr : 31338<4 313836; 03159539 31557;;
H{fhvv uhwxuq sruwirolr ; 3133943 3137<3: 03159943 3154667
H{fhvv uhwxuq sruwirolr < 3133838 313796; 03156333 314:348
H{fhvv uhwxuq sruwirolr 43 3133688 3137477 0315338: 314:7<5
Wxuqryhu udwh l 31358<< 31346:3 3133:8< 313999;
Lq dwlrq 31336;; 3133656 0313387: 3134;43
Frqvxpswlrq jurzwk 413348< 31336;< 31<;<49 4134945
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